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Abstract 
This research is concerned with the design and preparation of synthetic hydrogels for biomedical use as wound 
dressings. Crosslinked polymers of 2-acrylamido-2-methylpropane sulfonic acid (AMPS) and its sodium salt (Na-
AMPS) were prepared via free radical polymerization in aqueous solution using photoinitiation. An initial Na-
AMPS monomer concentration of 40% w/v was used, then 1.0% by mole of monomer N,N’-methylene-bis-
acrylamide (NMBA) was added as a crosslinking agent together with 0.1% by mole of 4,4-azo-bis(4-cyanopentanoic 
acid) as photoinitiator. The results showed that the hydrated hydrogel sheets were good coherency, transparency, 
flexibility, high oxygen permeability and good skin adhesion. The water properties of the hydrogel sheets 
(absorption, retention, water vapour transmission rate) were balanced which can keep moist environment for the 
wound. In addition, it was shown that the UV radiation is a powerful tool for producing hydrogels, it is considered 
that these photopolymerised Na-AMPS-based hydrogels show considerable potential for biomedical use as wound 
dressings. 
© 2010 Published by Elsevier Ltd. 
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1.  Introduction
In recent years, among the varieties kinds of biomedical material, hydrogels have attracted much research 
interest as biomaterials such as contact lenses and wound dressings. Since the pioneering work of Wichterle and Lim 
on crosslinked poly (2-hydroxyethyl methacrylate) (polyHEMA) hydrogels [1], and because of their hydrophilicity 
and biocompatibility. 
For example, both natural and synthetic hydrogels have been of interest for use as wound dressings for second 
degree burns. In addition, their unique interesting properties which can meet the essential requirements of ideal 
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wound dressings including: immediate pain control, easy replacement, transparency to allow healing follow up, 
absorb and prevent loss of body fluids, barrier against bacteria, oxygen permeability, good handing, control of drug 
dosage and so on [2]. During the past 20 years, the field of photopolymerisation has become of central importance in 
polymer science and technology.  In the case of synthetic hydrogels, photoinitiation by UV light is recognized as a 
very useful synthetic tool.  Photoinitiation has various advantages such as being easier to control, more easily 
convertible into a continuous process, and offering the possibility of combining both polymerisation and sterilization 
into one technological step [3]-[4].  
At present, Thailand continues to import biomedical hydrogel products at great expense.  This present research 
work is therefore aimed at developing a capability to manufacture these products in Thailand with the initial 
emphasis on wound dressings. 
2.  Experimental 
2.1 Hydrogel Synthesis 
The water-soluble monomer used in this work was the sodium salt (Na-AMPS) of 2-acrylamido-2-
methylpropanesulfonic acid (AMPS). An aqueous solution of Na-AMPS was prepared by dissolving AMPS in 
distilled water (40% w/v), cooling in an ice-bath, and then neutralizing to pH 7 by sodium hydroxide solution with 
stirring. Then 1.0% by mol N,N’-methylene-bis-acrylamide (NMBA) was added as a crosslinking agent together 
with 0.1% by mole of 4,4-azo-bis(4-cyanopentanoic acid) as photoinitiator stirred until homogeneous and each 
solution poured into a vertical glass mould that was covered one side with Teflon release liners.  
Photopolymerisation was carried out at room temperature for 10 mins using a commercially available UV lamp. 
Finally, the hydrated hydrogel sheet was removed from the mould and its properties were studied. 
2.2 Water Transport Properties [5]
After equilibration in air, each hydrogel sheet was immersed in distilled water at the physiological temperature 
(37ºC) and its increase in weight with time was followed. The water content (WC) was calculated using the 
following expression: 
WC (wt %) = [(Ww-Wd)/Ww] × 100 %     (1) 
where Wd and Ww are the dry and wet weights of the hydrogel respectively. 
When the equilibrium water content (EWC) had been reached, the hydrogel was removed from the distilled 
water and re-equilibrated in air at room temperature to constant weight. The water retention (WR) of the hydrogel 
was similarly plotted as a function of time. 
The water vapour transmission rate (WVTR) was measured using the standard ASTM E96-93 (1990) Water Cup 
Method.
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2.3 Peel Strength 
A peel strength test can be used to give an indication of the ease of removal of a hydrogel from a substrate. This 
gives important information about the strength of the adhesive bond between the hydrogel and the substrate which, 
in practice, would be the skin. The shear force required to remove a hydrogel from a substrate can be quantified 
provided that the test is carried out at a constant 90q angle. The instrument used in this work was a Hounsfield 
Tensile Tester with a withdrawal speed of 500 mm/min, hydrogel strip length of 25 mm and a 100 N load cell. 
2.4 Oxygen Permeability [6], [7] 
The oxygen permeability (Dk) of the hydrogel sheet was obtained using a 210T Permiometer and the equation : 
Dk   =   i (PA) x L (mm) x (6 x 10-11)      (2) 
where 
L = hydrogel sample thickness (mm)  
i = constant current obtained for O2 passing through the hydrogel 
2.5 Cytotoxicity [8]
In the experiments carried out here, the Na-AMPS hydrogel sheet samples were first sterilized by J-irradiation 
prior to cytotoxicity testing with L929 cells (mouse fibroblasts) by the direct contact method. High-density 
polyethylene (HDPE) and natural rubber containing carbon black were used as negative and positive controls 
respectively.
3.  Results and Discussions  
The hydrated hydrogel sheets obtained direct from synthesis were of 1.00 ± 0.10 mm thickness and exhibited 
good coherency, transparency, flexibility and skin adhesion.  
3.1 Water Transport Properties  
As the WC-time profiles in Fig. 2 show, equilibrium water contents (EWC) of 98 ± 1% were obtained within 30 
mins. Following on from this, when the samples were removed from the water and left in air to re-equilibrate, as 
shown in the WR-time plots in Fig. 3, equilibrium water retentions (EWR) of 22 ± 2% were obtained over a period 
of about 4 hrs.   
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Fig. 2.  Water absorption - time profiles for the hydrogel sheets when immersed in distilled water at 37qC.
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Fig.3. Water retention - time profiles for the hydrogel sheets when left in air at room temperature (continuous from 
Fig. 2) 
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Fig. 4. Water vapour transmission - time profiles for the hydrogel sheets at 37qC and 55-60% relative humidity. 
The water vapour transmission (WVT)-time profiles are shown in Fig. 4 above. From the linear plots, WVT rates 
of 110.35r5 g m-2 hr-1 were obtained which, for medical purposes, is deemed to be a suitable rate for the controlled 
evaporative water loss from a second-degree burn. 
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Table 1 : Comparison of the WVTR values of 40% Na-AMPS hydrogel sheet with of some commercial wound 
dressings and typical rates of evaporative water loss from normal skin and first, second and third-degree 
burns. 
DATA SOURCE SAMPLE / MATERIAL 
WVTR
g m-2 hr-1
THIS WORK 
40% Na-AMPS hydrogel 
Distilled water (open cup) 
110.35 ± 5 
159.01 ± 5 
COMMERCIAL 
DRESSINGS [9]  
Biabrone 
Metalline 
OpSite
Omiderm 
154 
53
33
208 
PHYSIOLOGICAL  
DATA [10] 
Normal skin 
First-degree burn 
Second-degree burn 
Third-degree burn 
8.5 ±  0.5 
11.6 ± 1.1 
178.1 ± 5.5 
143.2 ± 4.5 
3.2 Peel Strength 
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Fig.5 : Peel strengths of the 40% Na-AMPS hydrogels compared with a commercial skin adhesive material. 
The hydrogel sheets showed good skin adhesion to healthy skin but not too high that it was painful to remove.  
3.3 Oxygen Permeability 
It was found that the Dk values of the 40% Na-AMPS hydrogel sheets were about 270 × 10-11- 320 × 10-11
cc.mm./cm2.s.mmHg, significantly higher than other hydrogel polymers such as polyHEMA for which the Dk is 
about 145 x 10-11 cc.mm./cm2.s.mmHg [6]-[7]. 
3.4 Cytotoxcity  
As the SEM results in Figure 6 show below, the hydrogel sheet is clearly non-toxic since they exhibited similar 
cell responses to the HDPE negative control. This similarity extended to both cell viability (number) and 
morphology (size and shape).  
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Fig. 6 : Scanning electron micrographs (magnification x 200) showing the  L929 cells after cytotoxicity testing for 
48 hrs at 37qC on the following substrates : (a)  HDPE (negative control) (b)  natural rubber containing carbon black 
(positive control) and (c)  40% Na-AMPS hydrogel 
4.  Conclusion 
The 40% Na-AMPS synthetic hydrogels from this work showed a good balance of properties as would be 
required for a wound dressing such as good coherency, transparency and flexibility. High water absorption is 
essential for a hydrogel to be able to absorb more wound exudate. At the same time, water absorption and water 
vapour transmission need to be balanced to keep moist environment of the wound which can support the new cell 
growth.  The hydrogel sheets showed good skin adhesion to healthy skin while being easy to remove from a wound 
surface when hydrated also exhibited high oxygen permeability values (Dk) which are advantageous for their use as 
wound dressings from the point of view of allowing oxygen exchange to and from the wound surface. In addition, it 
was shown that the UV radiation is a powerful tool for producing hydrogels, it is considered that these 
photopolymerised Na-AMPS-based hydrogels show considerable potential for biomedical application use as wound 
dressings. 
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